Abstract: Construction industry is overwhelmed by delay and often has suffered cost and time overrun. In this context, Last Planner System (LPS) has been considered as a very useful tool for the management of the construction process. Many previous studies have reported its effectiveness in construction performance. This study aims to evaluate the level of importance of the Last Planner processes in the Vietnam construction industry (VCI), and analyze the existing barriers when implementing these processes in construction management. These barriers were collected based on previous studies from International Group for Lean Construction (IGLC). A survey was carried out through questionnaire. The respondents are been experienced people in construction project management. There are four processes of LPS that were investigated including master schedule, phase schedule, lookahead plan, and weekly work plan. The results showed that master schedule is the most important item when performing a construction project in the VCI. The highest degree of agreement belongs to 'owner -contractor' pair with 77.1% importance indices; whereas the lowest belongs to 'consultants -contractors' pair with 63.8% importance indices. Eventually, three barrier factors were extracted from factor analysis technique with 62.2% of variance explained.
I. INTRODUCTION
Significant amounts of project values have been lost due to weak management, defective design, poor quality of work, inferior working conditions, poor safety arrangement, etc [23] . In reality, many methods have been used to search for new techniques and tools that can guarantee the organizational competitiveness in the long run through the systematic decrease of losses and wastefulness, improvement of the product quality, and improvement of the environmental and safety conditions [22] . In this context, Last Planner System (LPS) was adopted as a very useful tool for the management of the construction process, and continuous monitoring of the planning efficiency [3] .
The Last Planner is a production planning and control tool used to improve the reliability of the construction workflow [26] . It has been implemented in a large number of projects from various countries such as United States, Brazil, Chile, Ecuador, England, Finland, Denmark and Korea. This tool was able to increase the reliability of commitment in production planning and control by the leaders of the work teams [7] . In order to gain the expected reliability, constraints of activity must be identified and removed so that the necessary materials, information and equipment are ensured to be available [6] . However, Salem et al (2005) have stated that the current lean construction is still in early stage of development, and tools such as Last Planner have been tested in the field and refined over last decade [28] . Formoso and Moura (2009) has claimed that a multitude of publications focus on the success of Last Planner, and indicated that the success of this tool is due to the way it manages the commitments [14] .
Based on above discussion, two objectives of this study are as follows: (1) evaluate the level of importance of the LPS in current construction performance; and (2) analyze the existing barriers when using the LPS processes in the VCI. In this paper, the selected construction projects for studying are been under execution phase. The outcome of this study would help professionals for improvement in planning and managing the construction schedule for all project parties.
II. CURRENT PRACTICE
In Vietnam, the principles and techniques of lean construction, especially in the Last Planner, are still a very new category for scholars and individuals in construction industry. However, as one of the problems that emerged, the LPS was applied in construction practice without recognizing the structural difference between management and production control system [25] . Furthermore, there is no specific plan for LPS implementation in Vietnam construction industry (VCI) detailing the general items to be considered prior to such Inadequate administration of the necessary information to generate a "learning cycle" and to take corrective actions 7 Low implementation of advanced technology in construction 8
Language and cultural issues when performing a project 9
Lack of the training for the managers when planning and controlling a project 10 Over-commitment to the work which can be done in a lookahead plan implementation was proposed. Therefore, an unclear practice existing in the construction industry is that whether or not the LPS have been implemented in planning and controlling construction production. Regarding this practice, the current construction efficiency may increase. Study on lean thinking and LPS shows no evidence into its practical application within construction industry in Vietnam, but there is obviously the similar philosophy in planning and controlling production between the process of LPS and the process of traditional system. Therefore, to the best knowledge of the authors, the study here reported is the first survey about lean thinking in construction aiming to improve the current planning practice, and provide a basis for the development of research in the field of lean construction in Vietnam.
III. LAST PLANNER IN CONSTRUCTION
In lean construction, planning and control are considered to be complementary and dynamic processes maintained during the course of the project. Planning defines the criteria and creates the strategies required to reach the project objectives. At the same time, control makes sure that each event will occur following the planned sequence [8, 19] . Ballard and Howell (1994) proposed a concept in planning and control called "Last Planner" to shield workers from the uncertainty of work flows. It is the last in the decision chain of the organization because the output of planning process is not a directive for a lower level planning process, but results in production [5] . Furthermore, Ballard (2000) argued that LP is a philosophy, rules and procedures, and a set of tools that facilitate the implementation of those procedures [8] . On the other hand, Kalsaas et al. (2006) stated that LPS is the person or team that produces construction assignments of work to be carried out [20] .
The LPS comprises four levels of planning processes with different chronological spans: master scheduling, phase scheduling, lookahead planning, and weekly work planning (WWP) [8] . Bolivar (2007) has indicated that the master and phase scheduling are undertaken in setting milestones and identifying handoffs, and the lookahead and weekly work plans are closer to the situated planning model where plans take into account changes in the environment affecting inputs and outputs of construction activities [10] . Furthermore, Ballard (2000) and Hamzeh et al. (2008) have defined each planning process of LPS as follows [8, 17] :
 Master scheduling is to identify major milestones based on relevant documents to see what should be done.  Phase scheduling is to generate covering each project phase such as foundation, structural frame, and finishing.  Lookahead planning is to set up a schedule with time frame from 4 to 6 weeks to understand what can be done. The result is a workable backlog formed.
 Weekly work plan is to show interdependence between the works to clearly understand what will be executed.
Despite the advantages of the LPS, the current practice on many construction projects shows a poor implementation of lookahead planning resulting in a wide gap between long-term planning (master and phase schedule) and short-term planning (weekly work plans) reducing the reliability of the planning system and the ability to establish foresight [1, 15] .
Extensive research has been undertaken in LPS in the past nearly 20 years. These studies can be grouped in, but be not limited to, the following topics: (1) LPS theory [5, 7-10, 12, 15, 19, 22, 29] , (2) LPS implementation [2, 3, 13, 20, 21, 25, 26, 28] , (3) LPS evaluation and assessment [4, 11, 14, 27, 30] , and (4) LPS models and measurement [17, 19] . These previous studies show the barriers when implementing LPS in construction industry as presented in Table I [2, 3, 27].
IV. RESEARCH METHODOLOGY
A questionnaire (in Vietnamese) was prepared to find out the appropriate data for two study objectives as mentioned above. It was distributed to three principal project parties including owner, consultant and contractor. The respondents of this survey are been the individuals who have a lot of experience in execution and management of construction projects in Ho Chi Minh city, Vietnam. They are project managers, site managers and site engineers. The surveyed projects involved industrial project, residential project, and civil project. The nonprobability sampling was applied in this study because of its certain limitations. A total of 185 questionnaires were distributed, then got 48 of feedbacks from respondents. Thus, rate of response has been found as 26%.
The first step is the evaluation of importance level of the LPS in construction performance. To do this, the respondents were requested to answer both frequency of occurrence and severity. The analysis method used in this 
A. Level of Importance
The first objective of this study is to evaluate the level of importance of LPS in construction projects. The respondents were requested to answer the occurrence frequency and severity of LPS process performance that affect project efficiency. A five-point Likert scale from 1 to 5 is adopted. These numerical values are assigned to the respondents' rating: '1 = No happen; 2 = Rarely; 3 = Sometimes; 4 = Often; 5 = Always' for frequency, and '1 = Very little; 2 = Little; 3 = Moderate; 4 = Much; 5 = Very much' for severity. Table II and III present the results of analysis for the frequency and severity indices of four planning processes as well as their rankings. These factors are rated by three different respondent groups. It can be seen from these two tables that master and phase schedule are the two most top orders by overall. It means that long-term schedule is almost performed in the construction projects in the VCI. Furthermore, there is no difference in the ranking orders of occurrence and severity by overall. It means that the more the long-term schedule frequently performs, the more it severely impacts the project efficiency. The third and fourth order respectively belong to weekly work plan and lookahead plan for both occurrence and severity ranking. The deviation of the occurrence ranking order from the severity ranking orders in each respondent group is small and can be negligible. Whereas, the deviation between groups are quite large. These deviations are possibly due to the role and responsibility of a party in the project are totally different with others. Especially, these results show lookahead plan that plays an important "bridge" when connecting long-term plans and weekly work plan is not much attended by employees in construction projects. Vol.3, No.4 / Dec 2013 Table IV shows the importance indices and rankings of LPS processes consistent with various parties. As importance index is calculated from multiplying frequency index by severity index, rankings of importance level have mostly no change. All parties met an agreement that master schedule is the first ranking order, and lookahead plan is almost the fourth ranking order. This proves that master schedule is the most important item among LPS processes when performing a construction project in the VCI. Spearman's coefficient of rank correlation is used to demonstrate whether there is the agreement or disagreement among each pair of parties. Table V illustrates the results of Spearman coefficient and significance level calculations. A conclusion inferred from these results is that there is a very good agreement between parties in ranking the LPS processes. Although some slightly contrary opinions exist between owner and contractor, the highest degree of agreement belongs to this pair with 77.1% importance indices. Whereas, the lowest degree of agreement appears between consultants and contractors with 63.8% importance indices.
B. Analysis of Existing Barriers
Existing barriers of LPS in construction management were identified and analyzed from previous studies. Data were collected through five-point Likert scale with a value being 1 for 'Strongly disagree' and 5 for 'Strongly agree'. Factor analysis technique is used to sort out the main barrier. However, before applying this technique, suitability of data must be enquired. In this regard, Barlett's test of sphericity having significance at 0.000 indicates that the correlation matrix is not an identity matrix. Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy is sufficient with the value of 0.674. Both of these parameters justify that the factor analysis can be applicable.
Principal component factor analysis technique is employed. By using latent root criterion, three factors can be extracted with eigenvalues greater than 1.0. Fig. I is the scree plot of ten items as mentioned in previous section. Statistics of initial variance explained and after rotation are shown in Table VI . With three extracted factors, 62.2% of variance is accounted for the existing barriers of LPS. Table VII shows the three factor loadings extracted from factor analysis technique except for loading values less than 0.5. The varimax orthogonal rotation of principal component analysis is used in this study to group factors. These three factors are named as PC1, PC2 and PC3.
In PC1, 'low implementation of advanced technology' is a reason for low efficiency in construction projects. Vietnam is a developing and emerging country; therefore, advanced technology for construction industry, as well as other industries, is quite backward comparing with developed countries. 'Language and culture issues' often happen when project participants come from various regions or countries. 'Lack of training for the project managers' is considered as the barrier related to the development policies of their organization. In PC2, 'low understanding of the Last Planner concepts' is a barrier when implementing LPS in current construction industry. This is due to the LPS is totally new concepts for the practitioners in the VCI as well as other lean construction concepts. Thus, they have done the planned work mainly through their working experience. 'Weak communication and transparency among participants' is the most common problem when performing a construction project in Vietnam. The contractor expedites his work without discussion with the consultants as well as among his employees, this may lead to the completed work not meet the requirements. 'Lack of integration of production chain among project parties' shows that the coordination between client, consultant, contractor and suppliers is necessary when making a work plan. If the production chains of all parties were not considered together, the construction workflow would not be smooth due to difference in plan between them. Information administration is to take corrective actions when performing an activity and to generate learning cycle after completion. Thus, 'inadequate administration of information' leads to a misunderstanding for people who are undertaking the work.
In PC3, 'lengthy approval procedure by client' is considered as a barrier when planning and controlling a project. In this circumstance, if any delay happens in construction schedule due to this reason, the client must be completely responsible for it. 'Involvement of so many parties joined in the project' is a reason for confusion in construction sites. The more participants involved, the more difficult the schedule is planned and controlled. This is possibly due to weak coordination between them.
Eventually, 'over-commitment to the work' is not a principal barrier factor. This barrier often belongs to the contractor. After identifying what work could be done in lookahead plan window, the contractors had to make a commitment that shows the reliability to finish the work as planned. In practice, the contractors frequently do not keep their promise as committed; therefore, the work is congested in next plan.
VI. CONCLUSIONS
In a construction project where time truly equals money, the management of time is critical [16] , thus planning and controlling the schedule play a key role towards project success. Therefore, a distinct need has emerged to develop processes for planning and Vol.3, No.4 / Dec 2013 controlling the project schedule better. The major objective of this study is to assess the barriers of LPS processes in the VCI. The main results of the study are as follows:
 Among LPS processes, master schedule is the most important item when performing a construction project in the VCI. The second, third and fourth order belong to phase schedule, weekly work plan and lookahead plan. The Spearman's coefficient analysis shows that the highest degree of agreement belongs to 'owner -contractor' pair with 77.1% importance indices, and the lowest degree of agreement belongs to 'consultantscontractors' pair with 63.8% importance indices.  With factor analysis technique, three factors, namely PC1, PC2 and PC3, are extracted from ten collected barriers with 62.2% of variance explained. PC1 includes low implementation of advanced technology, language and culture issues, and lack of training for the project managers. PC2 includes low understanding of the Last Planner concepts, weak communication and transparency among participants, lack of integration of production chain among project parties, and inadequate administration of information. PC3 includes lengthy approval procedure by client, and involvement of so many parties joined in the project.
It is recommended that contractors should clearly understand their responsibility to provide materials and equipment on time and be well-prepared for this financial responsibility in order to prevent the circumstance of uncompleted works. Owners need to focus on their responsibility for monthly payment to contractors as an effective solution to eliminate delay in construction projects. Moreover, it should be noted that all parties should focus on the communication when planning and controlling the project as a way of preventing uncertainty in work plan.
